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(54) Intravenous pharmaceutical composition comprising cyclosporin 

(57) The composition is composed of 

a) 1 pan by mass of one or more cyclosporins. 

b) 8 to 13 parts by mass of a monoester of a saturated hydroxylaied fatty acid formed with polyethylene glycol or the 
mixture of said monoesters. 

c) 4 to 10 pans by mass of one or more in:ravenously administerable mono- or poiivalent alcohols. 
The invention funher relates to a process tor preparing such composition. 
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INTRAVENOUS PHARMACEUTICAL COM?C5H 10- FF.CCi 55 FCtf 

PREPARING THE SAME 

The present invention relates to an intravenous 
H :.o....^Ccu Ileal composition comprising cyclosporin as active 
ingredient. Furthermore the invention relates to a process 
for preparing this composition. 

Cyclosporins are cyclic oligopeptides produced by 
microorganisms. Cyclosporin A, C and G exhibit significant 
irTT^unosuppressive effect. Cyclosporin A. is widely used when 
organs (kidney,; heart, lungs, liver, pancreas} are 
transplanted in order to inhibit the rejection provoked by 
the transplanted organ and when bone marrow is transplanted 
cyclosporin A is given to prevent graf t-versus-host disease. 
Cyclosporin A is also successfully used for the treatment 
of autoimnun disorders (e.g. diabetes juvenilis, rheumatoid 
arthritis, uveitis, psoriasis). 

Cyclosporins are formed from neutral amino acids of 
hydrophobic character and are insoluble in water. Their poor 
solubility in water causes that they are not absorbed or 
only partly absorbed in trie organism when administered 
together with usual pharmaceutical excipients, therefore 
these compositions are not suitable for therapeutical use. 

Cyclosporins have to be dissolved o: dispersed in a 
colloid system if tney are ained to be used in therapeutical 
practice. 

In order tc? reke cyclosporins usable in tnerap* , the 
iol lrnin; solu-ucns were verged ojt: 



1. S^-callec "s^l id solutions'; are prepared b> ^sin- 
polyetnylene glycols c: hign nolsr nass (Duen, V;. L., 
Riegelcan, S.: J. Phanr.. Sci. 60, 1251 /1971/). 

2. Cyclosporin is dissolved in natural oils and tne 
iolwlion thus obtained is encapsulated (van Hoff, J. P. et 
al. : 1957, II. 1456). 

3. Cyclosporin is dissolved in tne mixture of a. trans 
esterif ication product of a natural vegetable oil 
triglyceride, a pclyalkylene glycol, ethanol and a vegetable 
oil (Austrian patent specification No. 375,828, US patent 
specification No. 4,388,307). 

4/ Cyclosporin is dissolved in a fixture of etrianol and 
Crer.ophor EL (pclyoxyethyl ated castor oil, produced by 
BASF, Ludwigshafen, Geraany) (Sandimnun Product Information., 
Chapter XII, Sandoz-Pharma , Basle, 1984). 

The products prepared according to rethod 1 are net 
suitaole for parenteral use, they are pellet particles which 
can be administered orally. 

The products prepared according to nvtnod 2 are also, 
suitable for oral administration only. 

The products prepared according to method 3 are not 
suitable for intravenous administration due to tfieir oil 
content, tritrrefore LMe> can be used subcu taneously or intra- 
muscularly . 

The intravenous atf-inist ration of compositions prepared 
according to retted 4 is well kno*n in trie art However, 
the> suffer fron tne dra^ac* tnat tney are net well- 
tolerable b> tne patients, l e. after acV-.iriist ration the> 
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the point cf vie- cf the patient (Ka^.an et ai . : Lancet, 
1934 '1:52: Lejnissen, K . K. L . et a!.: Lancet, 1553, 1:636- 
Howrie, D. L. e: si.: Drug Intel'. Clin. Pnanr.. 19, 425> 
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The anaphylactic reaction ooes not occur when 
cyclosporin is administered in different compositions, 
therefore it has been stated that the polyoxyethylated 
castor oil is exclusively responsible for causing the 
anaphylactic - reaction ( Cre-cphor EL . Technical Leaflet KEF. 
074e, BASF, Ludwigshafen, 1954). Though the activity of 
Crcnophcr was thoroughly studied, there ' is no literar> 
reference teaching the moiety of the molecule which is 
responsible for the dangerous side-effect. 

Therefore our aim was to work out an intravenous 

pharmaceutical composition comprising c>closporin as active 
ingredient which is r.cre toleral.le than the known intrdve:> 
ous compos 1 1 i ons , i.e. its ar.aphy i ac t ic-hypersenz i b : 1 i z i n£ 
effect is smaller than that of the known formal at xonti , 
Now we have found that if cyclosporin is dissolved in 

the mixture of an alcor^l suitable for intravenous 
administration ar»d a nonoester of a saturated hydroxylated 
fatty acid formed with polyethylene glycol, the occurrence 
and extent of trie tox:c side-effects can significantly be 
decreased or ful 1 > eliminated. 

As the monoesters ot saturated hydroxylated fatty- 
acids formed with pclyetnylene glycol are structurally 
similar t'j it cc-j-d ret De expected b> a nan 

skilled r- u-.t a:: v.s: a\x::r.:'j cf the tc*ic side- 



- 4 - 

effects can be overcome by using these compounds. 

The intravenous pharmaceutical composition containing 
cyclosporin as active ingredient of the present invention 
comprises 

8) 1 part by mass of one or more cyclosporins, 

b) 8 to 13 parts by mass of a monoester of a saturated 

hydroxylated fatty acid formed with 
polyethylene glycol or the mixture of such 
monoesters, 

c) 4 to 10 parts by mass of one or more intravenously 

administerable mono- or polyvalent alcohols. 
The composition according to the invention is prepared 
by mixing 

$) 1 part by mess of one or more cyclosporins, 

b) 8 to 13 parts by mass of a monoester of a saturated 

hydroxylated fatty acid formed with 
polyethylene glycol or the mixture of such 
monoesters, 

c) 4 to 10 parts by mass of one or more intravenously 

administerable mono- or polyvalent alcohols. 
The pharmaceutical compositions according to the inven- 
tion are suitable for the intravenous administration of the 
hydrophobic cyclosporin A, G, C or the mixture thereof which 
are insoluble or poorly soluble in the usual pharmaceutical 
excipients and enable the administration of the said cyclo- 
sporins in an aqueous solution. The cyclosporins can be used 
in any mass ratio related to each other in the composition 
of the invention. 
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As components b) of the pharmaceutical composition 
according to the invention, the monoesters of C^g^22 
preferably C 14 - 2 2» TOre preferably C 16 - 2 o saturated 
hydroxylated fatty acids formed with polyethylene glycol 
(PEG) of a molar weight of 600 to 1300, preferably 750 to 
1100 or the mixture of such monoesters of any mass ratio can 
be used. Especially preferred monoesters are PEG-9- 
hydroxymiristate, PEG-9-hydroxypalmitate and PEG-12- 
hydroxystearate therein the PEG moiety has a molar weight of 
750 to 1150, or the mixtures thereof in any mass ratio. 

These compounds .can be prepared e.g. by the method of 
Chandrasekhara Rao, T. et al. (J. Am. Oil Chem. Soc, 54, 
18, /1977/). Polyethylene glycol-12-hydroxystearate is 
commercially available. These components b) can dissolve the 
hydrophobic cyclosporins in the presence of co-solvents even 
at room temperature. 

As co-solvent component c) mono- or polyvalent 
alcohols, suitable for intravenous administration, or the 
mixture of such alcohols in any mess ratio can be used. 
Examples for such alcohols include e.g. ethyl alcohol, 
propylene glycol, polyethylene glycol or the mixture 
thereof. 

The pharmaceutical composition according to the 
invention can be prepared by mixing the cyclosporin with 
component c), then dissolving component b) in the solution 
thus obtained. According to an other enbodiment, component 
b) can be mixed to component c), and the active ingredient 
can be dissolved in the solution thus obtained. The mixing 
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is preferably carried out at 10 to 50°C. 

The compositions thus prepared can be formulated with 
or without further pharmaceutical excipients suitable for 
parenteral use, but they have to be diluted to the desired 
active ingredient content before use in therapy as the 
pharmaceutical compositions thus prepared are concentrates 
which cannot directly be used for intravenous 
administration. 

As parenterally administerable, suitable excipients 
distilled water or aqueous solutions, e.g. infusion 
solutions such as saline, glucose, dextrane, fructose, 
mamitol solutions can be mentioned. The dilution depends on 
the desired active ingredient content of the injection, thus 
the compositions of the invention are generally diluted in a 
mass ratio of 1:20 to 1:100 with water or a suitable 
solution. 

The amount of cyclosporin to be administered in the 
pharmaceutical composition according to the invention will 
naturally depend upon the disease to be treated, the age 
and condition of the patient, the seriousness of the 
illness, etc. 

The therapeutically effective »nount of cyclosporins is 
well known . When using compositions of the present invention 
a daily dose of from about 3 mo/kg to ibout 50 «g/kg is 
suggested in order to treat chronic inflammations or to 
provoke an immunosuppressive effect. 

The solution composed of the above components can be 
directly filled into ampoules or it can be supplemented with 
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appropriate amount of distilled water and the aeneous 
solution can be filled into ampoules. 

Before filling into ampoules, the solutions have to be 
filtered to germ-free. This can be made by using e.g. a 
regenerated cellulose membrane of a pore size of 0.2 /urn. 
The filling of the solution into ampoules is generally 
carried out in the presence of air or an inert gas, e.g. 
nitrogen and then the ampoules are closed. 

The compositions according to the invention are stable 
over long periods of time at lower temperatures, e.g. at 
5°C, such as are commonly enployed for storage of 
pharmaceuticals in hospitals and at elevated temperatures, 
e.g. at 75°C. Therefore the compositions have a good shelf- 
life, their active ingredient content does not precipitate 
even after long storage and they also have reduced 
temperature criticality. 

The pharmaceutical composition according to the 
invention comprises known and easily available excipients 
and it can easily be prepared. Simultaneously, the drawback 
of the known compositions comprising cyclosporin as active 
ingredient is substantially eliminated when the composition 
of the present invention is used in therapeutical practice. 

The invention is further illustrated by the following, 
non-li-niting examples. 
Example 1 

Parenteral composition comprising cyclosporin A as active 
ingredient 

65 g Of Solutol HS 15 (chenical na-e : polyethylene 
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glycol-660-12-hydroxystearate , produced by BASF , 
Ludwigshafen, Germany) is mixed to 30 ml of 96 H ethanol 
(USP XXI quality), then 5 g of cyclosporin A are dissolved 
at room temperature in the mixture thus obtained. 

The solution thus obtained is made up to. 100 ml with 
96 h ethanol (USP X<I quality). The liquid is homogenized by 
stirring and filtered germ-free through a cellulose membrane 
filter of a pore size of 0.2 /urn of Sartorius SM 11607 type. 
The filtered solution is filled into ampoules under nitrogen 
atmosphere, and the ampoules filled with 5.3 ml of solution 
are closed* The composition thus obtained can be used for 
intravenous administration after dilution with e.g. isotonic 
saline solution, glucose, dextrane, fructose or memitol 
solution* 
Example 2 

Parenteral composition comprising cyclosporin A as active 
ingredient 

35 g of polyethylene glycol-800-9-hydroxy miristate and 
30 g . of polyethylene glycol-850-9-hydroxy palmitate are 
mixed to 20 ml of 1,2-propanediol (of USP WI qjality), then 
5 g of cyclosporin A are dissolved tnder stirring in the 
mixture thus obtained while trie temperature of the mixture 
is kept at 50°C, 

The solution thus obtained is supplemented to 100 ml 
with distilled water suitable for injection. The liquid is 
filtered to germ-free as described in Example 1 and filled 
into anpoules (5 3 ml of liquid in each ar.poule) under argon 
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atmosphere. 

The composition can be used for intravenous administra- 
tion after dilution as described in Example 1- 
Example 3 

Far£nlerai composition comprising cyclosporin C as active 
ingredient 

55 g of polyethylene glycol-850-9-hydroxypalmitate are 
mixed to 20 ml of polyethylene glycol 300 (of USP XXI 
quality), then 5 g of cyclosporin C are dissolved in the 
mixture thus obtained while the solution is heated to a 
temperature of 50. °C. 

Further on the solution is handled as described in 
Example 2. 

The composition can be used for intravenous administra- 
tion after dilution according to Example 1. 
Example A 

Parenteral composition comprising cyclosporin G as active 
ingredient 

5 g of cyclosporin G are dissolved in 20 ml of 96 \ 
ethanol (USP XXI quality) and mixed with 65 g of 
polyethylene glycol-950-12-hydroxy stearate, preferably 
Solutol HS 15. The solution thus obtained is made up to 100 
ml with 96 S ethanol (USP XXI quality). The liquid is 
homogenized by stirring and filtered to germ-free as 
described in Example 1, and filled into ampoules (5 3 ml of 
liquid in each ampoule) t/xjer nitrogen atmosphere. 

The composition can be used for intravenous administra- 
tion after dilution as described in Example 1. 
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Example 5 

Parenteral composition comprising cyclosporin A as active 
ingredient 

60 g of polyethylene glycol-950-12-hydroxystearate, 
preferably Solutol HS 15 (BASF , Gennany) are dissolved in 10 
ml' of 96 H ethanol (of USP XXI quality), then 5 g of 
cyclosporin A are dissolved in the mixture thus obtained. 

Further on the process according to Example 1 is 

followed. 

The composition can be used for intravenous administra- 
tion after dilution as described in Example 1. 

Stability test 

The stability of the compositions according to Examples 
1 to 5 was examined. 10 ampoules each comprising the 
solutions prepared according to Examples 1 to 5 were stored 
at a temperature of 0 °C, 5 °C, 25 °C, 60 °C and 75 °C and 
the change in the composition of the formulation was tested 
by high pressure liquid chromatography. 

After 9 months standing no precipitation could be 
observed in any of the samples. Upon examining the content 
of the ampoules by HPLC, no trace of decomposition of my 
component could be found. 
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The potential anaphylactic-hyperser.zibilizing effect 
and vein damaging effect of composition according to Example 1 
(OS) and the comrercially available Sandimmun R (Sandoz) (OC) 
(cyclosporin * Cremophor ♦ ethancl ) were compared in order to 
demonstrate the more preferable effect of the composition 
according to the present invention over the known composition. 
1. Testinp of hypersenzibilizino. effect 

The rethod of W. Icrenz and A. Schmsl (Agents and Actions 
12. 1/2 (1982)) suitable for determining the anaphylactic effect 
of solubilizing agents .was followed. 

The tests were carried out on Beagle docs narcotized by 
Nembutal**. The animals had spontaneous breathing. Two 
polyethylene canules were led into the vessels of the dogs: one 
into the abdominal aorta via the right 'femoral artery in order to 
measure the sys'.emic (systolic and diastolic) blood pressure, the 
other into the caval vein inferior in order to administer the 
composition into the body and for taking blood samples to 
determine the histamine level. Parallel with the measurement cf 
the blood pressure, the heart rate and the breathing frecjjency 
were also measured. The occurence of other clinical symptoms 
(erythema, oedema, cutaneous allergic reactions) appearing due to 
the administering of the compositions was also studied. After a 
20 ninute equilibric time following the operation, the basic 
values were determined and "the tests were repeated 2, 5, 10 and 
20 minutes after the administration of the compositions (i.v. 
bolus injection, without dilution). The compositions were 
administered in a dose of 3 and 10 mg/kg bod> weight. 

The effect of the compositions to tne blood pressure and 
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heart rate was evaluated by variancy analysis. The oedema and 
skin colouring reactions were classified into four categories. 
The effect of the compositons to the systolic and diastolic blood 
pressure (Figures 1 and 4), to the heart rate (Figures 2 and 5) 
and *<? the breathing frequency (Figures 3 and 6) and to the skin 
symptoms (Table I) are summarized in Figures 1 to 6 and Table I. 

On the basis of the results of the test it can be 
established that the composition according to the present 
invention (OS) administered at low dose (3 tng/kg body weight) 
does not have any significant cardiovascular effect (does not 
cause significant hypotension and bradycardia), while the 
comparative composition (OC) significantly decreases the blood 
pressure and heart rate even at this lower dose. 

When the compositions are administered at higher dose (10 
rg/kg body weight), the composition according to the present 
invention (OS) has essentially more moderate cardiovascular 
effect than the comparative composition (OC). 

There is no significant difference between the breathing 
frequency increasing effect of the compositions examined. 

When the compositions were administered in a dose of 3 
ng/kg, both compositions caused oedema and erythema, however, 
when the composition of the present invention (OS) was 
administered in a dose of 10 wqAq, the skin reactions 
practically disappeared. Thus - considering the 
hypersenzibilizing effect - the composition according to the 
present invention is rore preferable than the comparative, known 
composition (OC) 

2 Testing of l o cal vein damag ing effect 

Tne local vein damaging effect was tested on new- 
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zealandian rabbits. The two compositions vere diluted to 20-folds 
volume with physiological saline solution, and 0 2 ml were 
injected into the vein cf one ear, while physiological saline 
solution was injected into the vein of the other ear. 

In the third and fourth group of test animals the solubi- 
lizing agents (Solutol and Cremophor) and carriers (ethanol) 
were tested. The compositions comprising Solutol plus ethanol and 
Chremophor plus ethanol were diluted to 20-folds volume with 
physiological saline solution and they were administered in the 
same dose (0.2 ml) into the vein of the ear of the test animals, 
while only physiological saline solution was injected into the 

vein of the other ear. 

The local reactions were observed 24. AC and 72 hours 
after the treatment. At this latter time the animals were 
deblocded and the tissues were examined. 

The composition of the present invention (OS) was as 
well tolerated as the comparative composition (OC). 

As a summary, it can be stated that the composition of 
the present invention causes lower hypersenzibilizing effect than 
the comparative composition. The difference is significant 
especially in respect of blood pressure decreasing effect As to 
the local tolerancy, the composition of the present invention is 
equivalent with the comparative composition, while regarding the 
systpnic tolerancy (hypersenzibilizing effect), it is more 
preferable 
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Table I 

The effect of compositions OS (cyclosporin ♦ solutol) and OC 
(cyclosporin ♦ Cremophor) (3 mg/kg body weight, i.v.) to the 
erythemic symptoms 



exposition No. of beagle dog Measure of oedema Measure of erytnew 
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1. Intravenous pharmaceutical composition comprising 
cyclosporin as active ingredient which comprises 

a) 1 part by mass of one or more cyclosporins, 

b) 8 to 13 parts by mass of a monoester of a saturated 

hydroxylated fatty acid formed with 
polyethylene glycol or the mixture of said 
monoesters, 

c) 4 to 10 parts by mass of one or more intravenously 

administerable mono- or polivalent alcohols. 

2. The composition according to claim 1 which comprises 
one or more members of the group consisting of cyclosporin 
A, cyclosporin C and cyclosporin G as cyclosporin. 

3. The composition according to claim 1 which 
conprises one or members selected from the group of 
monoesters of C 10 -22 saturated hydroxylated fatty acids 
formed with polyethylene glycol (PEG) of a molar wight of 
600 to 1300. 

4. The composition according to claim 1 which comprises 
one or more members of the group consisting of monoesters of 
c 14"22 saturated hydroxylated fatty acids formed with 
polyethylene glycol (PEG) of a molar weight of 750 to 1100 

as component b). 

5. The composition according to claim 1 which 
coaprises one or more members of the group consisting of 
polyethylene glycol-9-hydroxymiristate, polyethylene glycol- 
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9-hydroxypalmitate or polyethylene glycol-12-hydroxystearate 

as component b) . 

6. The composition according to claim 1 which comprises 
polyethylene glycol-660-12-hydroxystearate as component b). 

7. The composition according to claim 1 which comprises 
one or more members of the group consisting of ethyl 
alcohol, propylene glycol and/or polyethylene glycol as 
component c). 

8. Process for the preparation of intravenous 
pharmaceutical composition comprising cyclosporin as active 
ingredient which comprises mixing 

a) 1 part by mass of one or more cyclosporins, 

b) 8 to 13 parts by mass of a monoester of a saturated 

hydroxylated fatty acid formed with 
polyethylene glycol or the mixture of said 
monoesters with 

c) A to 10 parts by mass of one or more intravenously 

administerable mono- or polivalent alcohols, 

9. The process as claimed in claim 8 which comprises 
using one or more members of the group consisting of 
cyclosporin A, cyclosporin C and cyclosporin G as 
cyclosporin. 

10. The process as claimed in claim 8 which comprises 
using one or members selected from the croup of monoesters 
of Ciq~22 saturated hydroxylated fatty acids formed with 
polyethylene glycol (PEG) of a molar weight of 600 to 1300. 

11. The process as claimed in claim 8 which comprises 
using one or more members of the group consisting of 
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monoesters of C14-22 saturated hydroxylated fatty acids 
formed with polyethylene glycol (PEG) of a molar weight of 
750 to 1100 as component b). 

12. The process as claimed in claim 8 which comprises 
using one or more members of the group consisting of 
polyethylene glycol-9-hydroxymiristate, polyethylene glycol- 
9-hydroxypalmitate or polyethylene glycol-12-hydroxystearate 
as component b). 

13- The process as claimed in claim 8 which conprises 
using polyethylene glycol-66Q-12-hydroxystearate as 
component b). 

14. The process as claimed in claim 8 tfUch comprises 
using one or more members of the group consisting of ethyl 
alcohol, propylene glycol and/or polyethylene glycol as 
component c). 

15. An intravenous pharmaceutical composition comprising 
cyclosporin as active 'ingredient, which composition 
comprises: 

(a) one or more cyclosporins, 

(b) a monoester of a saturated hydroxylated fatty 
acid formed with polyethylene glycol or a mixture 
of 6uch monoesters, 

(c) an intravenously administrable mono- or polyvalent 
alcohol, 

optionally together with an Intravenously acceptable 
diluent, 

16. A composition substantially as hereinbefore 
described in any one of Examples 1 to 5. 

17. A method of making a composition as claimed 
in claim 1 or claim IS, substantially as hereinbefore 
described in any one of Examples 1 to 5. 
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18. A composition as claimed in claim 1 or in claim 
15 for use in therapy. 

19. Use of an alcohol suitable for intravenous administra- 
tion and a monoester of a saturated hydroxylated fatty 
acid formed with polyethylene glycol in the manufacture 
of a medicament containing one or more cyclosporins, 
said medicament having an immunosuppressant effect, e.g. 
for the treatment of transplant patients and for the 
treatment of autoimmune diseases. 
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